This paper describes the behavior of walls under in-plane cyclic shear compression of a new reinforced masonry system composed of horizontally and vertically reinforcement based on Iran's national building regulation in two groups. First, steel bars in grid-type mounted in the cement core between solid clay bricks (Double-Wythe) and in the second group, common steel bars in grid-type mounted in perforated bricks and trusses as horizontal reinforcement, using advanced numerical simulation (LS-DYNA). A nonlinear finite element discrete modeling according to stress-strain models have been used in order to represent previously modeled masonry walls. Masonry units include perforated bricks and solid clay bricks, the mortar and bonding interfaces have been shown as continuum elements. In order to validate micro-modeling strategy, the input data is based on a reinforced masonry wall previously tested in the laboratory with a clear identification and justification. That being so, the major purpose of this paper is: (a) results of specimens in terms of maximum strength, ductility, energy absorption and failure modes (b) influence of aspect ratio and reinforcement type and (c) comparison of modeled walls with other reinforced systems.
INTRODUCTION
Masonry structures are highly sensitive to lateral loads induces by the earthquake. Some techniques can be used during the construction of masonry structures to enhance masonry response and some methods can be used for existing buildings as strengthening techniques [1, 2, and 3] . During the past years, many scientists worked in masonry field and proposed different techniques of confining and reinforcing masonry elements. There are several reasons why scientists provided a wide range of strengthening techniques and design approaches in masonry structures. But increased vulnerability and carrying capacity might be among important factors, which instigate scientists to suggest different approaches [4] . This fact explains the need for progressive large-scale seismic strengthening with techniques accessible to ordinary construction. These techniques certainly have various advantages and disadvantages, which play a consequential role in the performance of masonry structures. Although advantages of reinforced masonry overweight disadvantages, it is necessarily needed to evaluate some merits and demerits of reinforced masonry walls to appreciate the behaviors and performances in detail [5, 6] . FRP, steel bars in grid-type, confined elements, strut and tie model are the most popular source of strengthening, but due to the paucity of guidance, design assessment, effective detailing rules and so forth, scientists may confront a challenging problem, in spite of some accurate and reliable outcomes from different tested walls by Shermi and Dehghani [7, 8 and 9] . A typical case of masonry reinforcement is the application of steel bars in hollow perforated units. The role of steel bars in creating continuity between masonry units is highly observable [10, 11] . Hollow masonry units partially and fully grouted with mortar are among those techniques used for masonry construction [12, 13] . The effect of this technique in the in-plane resistance of masonry panels is studied by Da Porto and Mosele [14, 15] . In this research study, it has been tried to evaluate a new technique regarding steel meshes in grid-type through numerical modeling. The advantages of this solution aimed at the development of in-plane behavior of masonry walls. In Iran, the same construction method with perforated units and vertical reinforcements have frequently been used during recent years. Also, the key factor of masonry construction is to resist earthquake loads, which are likely to be transferred based on the direction of loads [1, 16] . So, the numerical and experimental study of the in-plane behavior of masonry construction plays a key role when it comes to the reinforced masonry system. Micro and macro-modeling are of utmost important numerical analysis, which has been used extensively during years. In macro-modeling approach, there is no difference between brick units and mortar and a homogenization approach uses to obtain the mechanical characteristics of new materials. However, in the micro-modeling method, more precisely, both brick units and mortar joints are taken separately into consideration and an interface element is taken to model discontinuity of masonry constituents. Potential cracks, failure modes and so forth, are the main advantages of the micro-modeling approach. But still, masonry construction need a well-developed micro-model [17, 18] . This paper offered two groups of a new reinforced masonry wall, ones include steel bars in grid-type, mounted in the cement between solid clay bricks (Doable-Wythe walls). Due to the lack of information regarding experimental program and effectiveness, the main aim of analyzing this type was to assess its behavior compare to perforated brick walls. For this purpose, the DIS wall project plays a significant role in the investigation of clay units and steel bars and suggested a new method [19] . So, the general and basic characteristic of the materials and masonry construction have widely been clarified [20] .
REINFORCED MASONRY SYSTEM
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The grid-type reinforcement, including horizontal and vertical steel bars, explicate this new system. Also, special characteristics of clay masonry units could provide a close verification (see Figure 1) . Indeed, especial holes of perforated bricks allow vertical steel bars located in the units and horizontal reinforcement either. Regarding mechanical behavior, this system contributes greatly to the ameliorating of steadily, durability and in spite of transferring horizontal loads effectively, prevent from a fragile behavior of units, mortar, and reinforcement.
VERIFICATION
Firstly, in order to investigate and compare the behavior of RM with URM, an experimental model proposed by da Porto F, at el. [21] have been modeled by Ls-Dyna and then both numerical and experimental models are compared (see Figure 2) . Afterward, the verification of reinforced masonry wall with the experimental model proposed by Da parto F. and Tomaževič [20, 22] (TRSb06) have been done in order to gain an analytical comparison between the numerical and experimental model (see Figures 2 and 3 ). In addition, shapes and dimensions of the numerical model are depicted in Figure 4 . Hence, the basic properties of the materials (units, mortar, and reinforcement) for the numerical modeling in LS-DYNA are shown in tables 1, 2 and 3. Also, P.B Lorenco [23] Provides properties and parameters for modeling cracks in bricks.
NUMERICAL MODELING
As previously mentioned, the behavior of Un-Reinforced masonry wall with special clay bricks through numerical finite element modeling (LS-DYNA) has been verified with an experimental model tested previously in the laboratory (see Figure 2) . Also, the numerical model of reinforced masonry wall used in this study was validated in da Porto F, at el. The verification of reinforced masonry numerical model compared to experimental test is depicted in Figures 2 and 3 with a close similarity, a crack pattern and presence of a high shear force. In the numerical analysis, in-plane cyclic loading is considered and displacement as horizontal loading was applied at the mid-height of the concrete beam modeled at the top of the wall.
GEOMETRICAL PROPERTIES
Reinforced Masonry walls with different dimension and steel bars, were considered in the parametrical analysis, as presented in Figure 5 . Each specimen is characterized by three-part name. The first part is devoted to the shape of the walls; SQ, SL, and HR for SQuat, SLender and Horizontal Rectangle walls respectively. RM and PB in the second part are used as Reinforced Masonry and Perforate Brick and the numbers refer to the size of steel bars (see tables 4 and 5).
FINITE ELEMENT MESH
Continuum and interface elements of LS-DYNA simulation are selected for the creation of mesh elements and the eight-node plane-stress continuum element based on a Gaussian quadrature scheme was adopted to model each masonry units [24] . Then, an interface element (6-node) is used at the mid-length of units in order to represent cracks. Also, In order to check the convergence of the solution, at least two solutions to the same problem are required. The solution from the finite element program is checked with a solution of increased accuracy. If the more accurate solution is dramatically different from the original solution, then the solution is not converged. However, if the solution does not change much (less than a few percent difference) then the solution is considered converged. Based on information provided in Figure 6a , size of the element (10mm) for creating mesh has been selected.
LOADING AND BOUNDARY CONDITION
In this study, the specimens are subjected to the in-plane cyclic loading. The compressive axial load, as gravitational load, is applied at the first step and is kept constant. Horizontal displacement is consequently applied on the top of the walls until failure. In the numerical modeling, in-plane cyclic loads were applied to the models with a fixed based and a free direction at the top of the wall to rotate. Also, a compressive axial load as the gravity load is applied and were kept constant. Figure 6b shows the sequence of horizontal displacements applied on the top of the walls [25] . Regarding the boundary condition when considered as an integrant part of a structural masonry building, masonry walls tend to behave with top and bottom boundaries mostly fixed, meaning that the restriction is effective on both ends. Continuum elements representing the masonry units located at the base of the wall are connected to the interface elements which are fully fixed in order to simulate fixed base conditions for the masonry walls. The upper beam is connected to the wall through interface elements modeled with linear behavior and infinite stiffness to simulate a perfect bond between connected elements.
MATERIAL MODEL AND MECHANICAL PROPERTY
The most significant aspect of this section is to introduce the mechanical properties of joints, solid bricks and perforated bricks with continuous webs and shells that help improve the strength of bricks and the whole wall. Their mean compressive strength in the direction of vertical loads was 9.26 N/mm 2 and in the direction orthogonal to vertical loads, was 13.24 N/mm 2 [20] . Also, yielding stress F y= 500[N/mm 2 ] had been used for steel bars mounted in reinforced masonry walls. In the micro-modeling approach, distinct materials were used to show the behavior of reinforced masonry walls and, indeed, distinct materials are described as perforated and solid clay bricks, cracks pattern, and unit-mortar interface. Also, in this strategy, two-dimensional plan-stress interface element plays an important role [ 
PARAMETRIC ANALYSIS
In this section, the analytical model for reinforced masonry walls has shown. In order to achieve the desired goals, steel bars in grid-type mounted in the cement core between clay bricks and in other part, steel bars in grid-type mounted in hollow bricks. The dimension of walls is (1×1 m 2 , 1×2 m 2 , 2×1 m 2 ) and the size of steel bars is Φ10 and Φ12 for walls with different aspect ratio. The figures of position (dimension and reinforcement) are shown in table 6.
DUCTILITY AND ENERGY ABSORPTION
The ratio of maximum inelastic deformation to effective yield deformation is known as ductility [30] . Determine ductility when yield and ultimate deformation occur is the most perplexing and intricate part of the ductility. The displacement ductility is defined as:
Where µ δ is displacement ductility, δ u is ultimate displacement at 80% of the ultimate load and δ y is yield displacement. The yield force to the initial secant stiffness is defined as yield displacement. In addition, the energy absorption by each wall is calculated through Matlab simulation on the positive loading direction. Using the Trapezoid Rule is the other calculation as areas under hysteresis loops. The total dissipated energy is defined by, Equation (2):
Where F is the force and  represent the displacement.
NUMERICAL TESTS RESULTS
Outcomes obtained from reinforced masonry walls are presented in this section. Comparison between modeled hysteretic cycles, energy absorption, ductility and failure modes are described here. Take axial loads and reinforcement into consideration, there is a correlation between yielded steel bars and cracks creation. In fact, figure 7 shows that slender walls developed mostly flexural cracks on the upper left corner of the walls whereas squat walls developed shear cracks on the upper half of the walls but without any separation between bricks and mortar. Also, walls with an aspect ratio of 0.5 (H/L=0.5), represents a rocking failure mode of crack. Furthermore, the energy dissipated, strength and displacement, ductility and failure modes are of utmost importance when it comes to seismic response of a structure.
TESTS OBSERVATION
Load-displacement hysteresis loops, analyzed from the modeled walls by LS-DYNA with different types and amount of reinforcement used in this paper, are shown in this section, respectively. First off, the load-displacement cycles of the first reinforced group consist of steel bars in grid-type mounted in the cement core (see Figure 5a ), are presented below (see Figure 8 ). Comparison in this set has been done in the case of maximum strength, displacement capacity, ductility, and crack pattern and energy absorption. So, squat walls with an aspect ratio of 1 (h/l=1) represent better responses because of an appropriate height to length. Walls with an aspect ratio of (h/l=0.5) show a similar response with a rocking failure mode. In the case of walls with an aspect ratio of 2 (h/l=2), whole conditions have been improved extensively. The results are depicted in table 7. In the second group, steel bars in grid-type mounted in hollow bricks and trusses (see figures 1a and 5b) as horizontal reinforcement. In Figure 9 , numerical hysteresis loops, the relationships between the lateral load and displacement of the second group's wall are compared. Indeed, the main reason of analysis of this group is to assess the best operation of reinforced walls with a considerable change in the location of steel bars mounted in hollow bricks. As same as the first group, walls with an aspect ratio of 1 (h/l=1) show closer results to the walls with cement core and special truss reinforcement help this group increases stability and fewer separation in bricks. Results are summarized in table 8 . In what follows, Figure 10 shows differences between double-Wythe and perforated reinforced masonry walls as the values of dissipated energy and ductility.
INFLUENCE OF REINFORCEMENT
HORIZONTAL REINFORCEMENT
Horizontal reinforcement improved the integrity of bricks and mortar bond drastically against lateral loads. The most important feature of the horizontal reinforcement is that cracks will stop widening and distribute through whole walls, against horizontal and vertical loads. Also, this type of reinforcement could have an important influence on slender walls, those reinforced with truss reinforcement because of the smaller strain of trusses compare to horizontal steel bars [31] . In general, horizontal reinforcement could contribute greatly to the durability and stability of masonry clay brick walls. Figures 11 and 12 show the influence of horizontal reinforcement on the system, in which with enhancement of horizontal steel bars, better conditions in case of carrying capacity, energy absorption, ductility especially for slender walls would occur.
VERTICAL REINFORCEMENT
Generally, vertical reinforcement yield just before the attainment of the maximum lateral load and, concurrently, crushing of masonry and buckling of reinforcement occur in the 8 compression zone. Buckling and crushing both are disadvantageous to masonry walls, but although there are some difficulties determining both of them in term of the numerical investigation, vertical reinforcement could contribute greatly to the increased shear strength capacity of masonry walls subjected to compressive and lateral loads (see Figures 11 and 12) . But, as the results of slender walls have shown, vertical reinforcement did not help develop the shear capacity of masonry walls. Finally, the effects of reinforcement whether horizontally or vertically was beneficial for walls with an aspect ratio of 1 (H/L=1), mainly because of higher shear strength, lower displacement, and stiffness. As in the case of walls with an aspect ratio of 2 (H//L=2), the displacement capacity of reinforced walls was higher than that of walls with the aspect ratio of 1. In addition, walls with the aspect ratio of (H/L=0.5) have shown a suitable response with the rocking failure crack pattern. That being so, vertical and horizontal reinforcement had a positive effect on the performance of slender walls.
COMPARISON WITH OTHER REINFORCED SYSTEMS
In this section, different reinforced systems conducted by different authors have been compared with current method. As Figure 13 show a lower carrying capacity and displacement than Double-Wythe and Perforated reinforced walls. Slender walls with an aspect ratio of (H/L=2), have better condition than this system, maybe due to the location of steel bars in the wall. Also, walls with an aspect ratio of 0.5 show a good result compare to this system. As Figure 13 shows, w7 shows a better condition in case of maximum strength and displacement but w6 represents a close behavior compare to other reinforced walls. That being so, there is no doubt that using steel bars or FRP materials improve the seismic behavior of un-reinforced walls. But more research needs to be done to develop the performance of masonry walls because various parameters like the location of steel bars, reinforcement ratio or dimension of walls play a crucial role in the analysis and design of reinforced masonry walls.
WALL DESIGN FORMULA
Many researchers conducted an extensive test program on normal and high strength reinforced masonry with different aspect ratios (h w /t w ). These studies have led to the conclusion that a reliable design formula would be needed. The proportion of maximum strength to reinforcement ratio will lead to a linear equation in which the ratio of (h w /t w ) for reinforced masonry walls was kept constant in each diagram and maximum resistance changed as the reinforcement ratio changed (see Figure 14) . These figures and equations will ease the calculation of carrying capacity according to the ratio of (h w /t w ), where h w = height of wall [mm] and t w = thickness of the wall [mm] . Using the test results and published data for Double-Wythe reinforced walls in this study the design formula to calculate carrying capacity takes the form:
Where F dw = Maximum load per unit length of double-wythe walls [KN.mm], α and η are constant for each diagram (will determine based on figure 14 ) and ρ = reinforcement ratio (%).
Regarding Perforated brick walls, the formula to calculate carrying capacity is similar to Double-Wythe walls where constant parameters change based on figure 14 . The design formula takes the form:
Where F p = Maximum load per unit length of perforated brick walls [KN.mm], β and ψ are constant for each diagram (determine based on Figure 14 ) and ρ = reinforcement ratio (%).
CONCLUSION
An innovative system using steel bars in grid-type mounted in the cement core and in perforated bricks as the second group was proposed. To achieve this goal, the methodology of research was based on numerical simulation using appropriate LS-DYNA (FEM) software (discrete modeling) and the primary stage was devoted to validation of numerical analysis with recent experimental works. The behavior of reinforced masonry in terms of maximum strength, failure modes, energy absorption, ductility, loads, and displacement have been studied in order to assess seismic performance, which was the main purpose of this work. In this paper, four models were built from solid clay brick and four models were built from special perforated bricks. Steel bars mounted in the wall, including two types: 1) Steel bars in grid-type mounted in the cement hollow bricks. 2) Steel bars in grid-type mounted in the cement core between clay brick.
Find results with, steel bars mounted in the cement core between clay brick had better performance, in case of shear resistance and displacement. In addition: 1) Behavior of brick walls with the addition of horizontal bars and perpendicular to the walls is substantially improved.
2) The major weakness of brick walls is less shear strength. 3) Reinforced brick walls, horizontal bars, prevents opening cracks. Results are shown that walls with the aspect ratio of 1 and 0.5 have a higher maximum resistance than those walls with an aspect ratio of 2. Also, the presence of horizontal and vertical steel bars provided an opportunity for walls to prevent cracks from opening. Indeed, reinforcement not only developed integrity and durability of walls noticeably but also help lower dissipated energy and lower displacement. In general, squat walls had better performances considering ductility, energy absorption and crack patterns. Furthermore, truss horizontal reinforcement improved the seismic behavior of masonry walls significantly because of lower strains compared to those horizontal steel bars mounted in the cement core.  LIST OF TABLES Table 1 . Mechanical properties of double-Wythe walls Table 2 . Elastic properties for the bricks and joints (perforated bricks) Table 3 . Inelastic properties for the joint Table 4 . First group of reinforced masonry walls (double-Wythe) Table 5 . Second group of reinforced masonry walls (Perforated bricks) Table 6 . Dimension of reinforced masonry walls, 4 and 6 longitudinal and transversal steel bars. Table 7 . Results of first group reinforced masonry walls (Double-Wythe walls). 
